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1.0 SITE LOCATION AND DESCRIPTION 
 
Civil Design Group, LLC (CDG) has been retained by Quarry North Road, LLC to prepare this Stormwater 
Management Report for the construction of the Rookery Lane Planned Residential Development.  
 
The project site is bordered by the Cold Brook Crossing project in the Town of Sudbury to the south, 
conservation land to the west and north, and a wetland system to the north and east. Much of the project site has 
been significantly disturbed as part of a former sand and gravel operation.  
 
Vegetation cover types vary across the site ranging from patches of open field vegetation within the sand and 
gravel pit, undeveloped forested uplands flanking the sand and gravel pit to the north and east, and scrub-
shrub/emergent marsh wetlands located along the northern and eastern property boundaries. A perennial stream 
flows within the emergent marsh along the northern property boundary before turning south and flowing along 
the eastern property boundary.  The forested uplands occur along a topographic ridge located within the 
northern and eastern portions of the site, which descends towards the sand and gravel pit to the south and west, 
and to towards the scrub-shrub/emergent wetlands to the north and east. 
 
This study presents a comparative analysis of the pre-development and post-development hydrologic 
characteristics of the site, and outlines the proposed measures to mitigate flow, provide groundwater recharge, 
and improve water quality from the site in accordance with applicable town and state requirements.   
 
 
2.0 METHODOLOGY 
 
Technical Release 55 (TR-55) methodology was utilized to determine weighted curve numbers (CNs) for each 
pre and post-development subcatchment area.  Weighted CNs are based on ground cover type and hydrologic 
soil groups (HSGs).  The times of concentration (Tcs) for each of the existing and proposed watersheds have 
been calculated.  The areas that do not show a Tc travel path resulted in travel times of less than 6 minutes.  CN 
and Tc values were then utilized to generate hydrographs using HydroCad 10.0, an industry standard software 
package that develops a hydrologic model based on the SCS method and computes peak discharges from 
rainfall runoff for urban and rural watersheds. 
 
 
3.0 SOILS 
 
According to the Natural Resources Conservation Service (NRCS) Web Soil Survey for Middlesex County, the 
upland portions of the site contain Pits, Gravel and Hinckley Loamy Sand, with a minor component of 
Merrimac Fine Sandy Loam soils. These soils are excessively drained soils that are typically associated with 
glacial outwash plains, stream terraces, kames, and eskers. The wetland portions of the site contain Freetown 
Muck, which consist of very deep, very poorly drained soils in depressions or low-lying areas like swamps, 
marshes, and bogs.   
 
In addition to the NRCS data, subsurface testing was conducted by Civil Design Group, LLC and witnessed by 
the Town of Concord in October 2020, the results of which were utilized in the design of the infiltration system 
as further discussed herein.   
 
 



Rookery Lane 
Concord, MA 

 

  
                                      p: 978-794-5400   f : 978.965.3971   www.cdgengineering.com 

2 of 10 

4.0 POINTS OF ANALYSIS 
 
Points of Analysis (POAs) are discharge points or lines toward which runoff from the study area is conveyed 
via overland flow or through drain pipes. The pre-development and post-development areas of disturbance drain 
to two (2) POAs listed and described below and shown on Figures 3 and 4. 
 

TABLE-1: POINTS OF ANALYSIS 
 

POINT OF ANALYSIS DESCRIPTION 
POA-C1 An analysis point representing the large wetland complex that 

wraps the northern and eastern portions of the site.  This analysis 
point receives runoff via overland flow and ultimately discharges 

toward Cold Brook. 
 

POA-C2 An analysis point off the southeast corner of the site representing 
an existing access driveway for the cell tower.  This analysis point 
receives runoff via overland flow and ultimately discharges toward 
the large wetland complex noted above (POA-C1).  It was studied 

separately from POA-C1 as it flows through an existing 
stormwater basin to the east of the cell tower prior to discharging 

to the wetlands.   
 

 
 
 
5.0 WATERSHED DELINEATION 
 

5.1 EXISTING DRAINAGE WATERSHEDS 
 
The existing watersheds are delineated based on topography and physical characteristics and collect and direct 
stormwater towards the POAs. This report analyzes the site watersheds and also analyzes offsite watersheds that 
will ultimately flow through the proposed drainage features. 
 
The total existing conditions study area includes 16.84 acres consisting of onsite and offsite areas which run 
into the study area, divided into two (2) pre-development watersheds as described below: 
 
Subcatchment EX-C1:  The 11.80-acre watershed is comprised of woods, brush areas, and wetlands.  Runoff 
travels in a northerly and easterly direction toward POA-C1. 
 
Subcatchment EX-C2:  The 5.04-acre watershed is comprised of brush.  Runoff travels in an easterly and 
southerly direction, crossing into the Sudbury section of the property and ultimately discharging toward POA-
C2. 
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5.2 PROPOSED DRAINAGE WATERSHEDS 
 
Similar to the existing watersheds, the proposed watersheds are delineated based on topography, physical 
characteristics and drainage networks within the site limits and collect and direct stormwater towards the POAs. 
This report analyzes the site watersheds and also analyzes offsite watersheds that flow through the proposed 
drainage features. 
 
The total proposed conditions study area includes 17.11 acres consisting of onsite and offsite areas which run 
into the study area.  The proposed study area is slightly larger than the existing study area due to differences in 
the areas which run onto the site in the proposed condition, which for the purposes of this report represents the 
full build-out of the adjacent Cold Brook Crossing project in Sudbury.  The proposed study area is divided into 
four (4) post-development watersheds as described below: 
 
Subcatchment PR-C1a:  The 11.69-acre watershed is comprised of woods, brush areas, lawn, and wetlands.  
Runoff travels in a northerly and easterly direction toward POA-C1. 
 
Subcatchment PR-C1b:  The 2.13-acre watershed is comprised of lawn areas, rooftops, pavement, meadow, and 
a stormwater management area.  Runoff travels via overland flow into a bioretention area, where it is fully 
infiltrated in all of the design storms.  It was modeled as part of the POA-C1 watershed based on its theoretical 
overflow, which would discharge toward POA-C1. 
 
Subcatchment PR-C2a:  The 3.20-acre watershed is comprised of lawn areas, rooftops, pavement, and meadow.  
Runoff from this subcatchment is collected and routed into a subsurface infiltration system (SIS), which 
provides water quality treatment, infiltration, and flow mitigation.  The SIS fully infiltrates all of the design 
storms.  It was modeled as part of the POA-C2 watershed based on its theoretical overflow, which would 
discharge toward POA-C2. 
 
Subcatchment PR-C2b:  The 0.09-acre watershed is comprised of brush.  Runoff travels in a southerly and 
easterly direction toward POA-C2. 
 
 
6.0 CURVE NUMBERS 
 
For purposes of generating the weighted Curve Numbers (CNs), the following values were utilized: 
 

 pavement was classified as “paved parking” 
 brush areas were classified as “brush, fair” 
 wooded upland areas were classified as “woods, good” 
 wetland areas were assigned a CN of 77 
 proposed lawn areas were classified as “>75% grass cover, good” 
 the bioretention area was classified as “Stormwater Management” with an assigned CN of 98 so as not 

to double count infiltration occurring within the footprint of the basin 
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7.0 PEAK FLOW MITIGATION 
 
In accordance with state and municipal standards, the stormwater management system is designed so that post-
development peak discharge rates do not exceed pre-development peak discharge rates for the 2-year, 10-year, 
25-year, and 100-year, 24-hour Type III storm events.  The rainfall values used for each of these storms were 
obtained from the Cornell University Northeast Regional Climate Center Atlas of Precipitation Extremes for the 
Northeastern United States and Southeastern Canada.  Peak flow rates for the pre-development and post-
development conditions are illustrated below: 
 
 

TABLE 2.1:  PEAK FLOW RATE COMPARISON 
 

POINT  
OF 

ANALYSIS 

2-YEAR 
STORM 
EVENT 

(3.20”/24-HR) 

10-YEAR 
STORM 
EVENT 

(4.80”/24-HR) 

25-YEAR 
STORM 
EVENT 

(5.50”/24-HR) 

100-YEAR 
STORM 
EVENT 

(8.60”/24-HR) 
PRE 

(CFS) 
POST 
(CFS) 

PRE 
(CFS) 

POST 
(CFS) 

PRE 
(CFS) 

POST 
(CFS) 

PRE 
(CFS) 

POST 
(CFS) 

POA-C1 1.12 1.08 2.33 2.28 2.91 2.85 5.86 5.78 
POA-C2 0.00 0.00 0.04 0.00 0.11 0.00 1.67 0.06 

 
TABLE 2.2:  VOLUME COMPARISON 

 
POINT  

OF 
ANALYSIS 

2-YEAR 
STORM 
EVENT 

(3.20”/24-HR) 

10-YEAR 
STORM 
EVENT 

(4.80”/24-HR) 

25-YEAR 
STORM 
EVENT 

(5.50”/24-HR) 

100-YEAR 
STORM 
EVENT 

(8.60”/24-HR) 
PRE 
(AF) 

POST 
(AF) 

PRE 
(AF) 

POST 
(AF) 

PRE 
(AF) 

POST 
(AF) 

PRE 
(AF) 

POST 
(AF) 

POA-C1 0.560 0.559 1.154 1.157 1.444 1.451 2.992 3.011 
POA-C2 0.000 0.000 0.024 0.000 0.063 0.001 0.419 0.008 
TOTAL 0.560 0.559 1.178 1.157 1.507 1.452 3.411 3.019 

 
 
Peak flow has been mitigated as shown above through the use of infiltration best management practices (BMPs) 
including subsurface infiltration and exfiltrating bioretention.  The design methodology for the BMPs are 
provided below.  Pre- and post-development HydroCad output for the various storm events is included in 
Section 3. Section 3 also includes soil logs for the referenced test pits. 
 
Subsurface Infiltration System (SIS): 
 
 Groundwater:  Test pits TP-SIS-C1-A, TP-SIS-C1-B, TP-SIS-C1-C and TP-SIS-C1-D were evaluated in 

relation to this BMP.  A line of redoximorphic features was observed at approximate elevations 125.0, 
124.0, 122.5, and 122.0, respectively, with no apparent redoximorphic features above or below the line.  In 
addition to the test pit data, the applicant commissioned GeoHydroCycle, Inc. to prepare a hydrogeological 
study of the property in 2019 in conjunction with the Cold Brook Crossing project in Sudbury.  The 
hydrogeological study included groundwater contouring of the site based on actual monitoring well readings 
collected in the spring of 2019 as well as a simulation of seasonal high groundwater contours (refer to 
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Figures 6 & 7).  The redoximorphic features observed in the test pits are reasonably consistent with the 
simulated seasonal high groundwater contours included in the hydrogeological study.  At elevation 129.00, 
the bottom of the SIS will be at least four feet above seasonal high groundwater.     

 
 Infiltration Rate:  Soil texture within the C horizon of test pits TP-SIS-C1-A, TP-SIS-C1-B, TP-SIS-C1-C 

and TP-SIS-C1-D ranged from coarse sand to sand.  Since the bottom of this BMP is proposed within the C 
horizon, a "Rawls" infiltration rate of 8.27 inches/hour was used in the modeling of this system. 

 
 Drawdown Time:  Utilizing the "Rawls" infiltration rate of 8.27 inches/hour, the drawdown time in the 100-

year storm is 56 inches ÷ 8.27 inches/hour = 7 hours thereby meeting the DEP drawdown requirement of 
<72 hours. 

 
Bioretention: 
 
 Groundwater:  GeoHydroCycle, Inc.’s groundwater contouring of the site (Figures 6 & 7) indicate that 

groundwater is approximately at the same elevation in the vicinity of the proposed bioretention area as at the 
proposed SIS.  This makes practical sense based on the topographical relationship between these two areas 
as well as their relationship with the wetland complex that flanks the northern and eastern edges of the site.  
At elevation 140.00, the bottom of the bioretention system will be at least fifteen feet above seasonal high 
groundwater.     

 
 Infiltration Rate:  Despite the sandy soil that is present throughout the site, a slower "Rawls" infiltration rate 

of 2.41 inches/hour was used in the modeling of this system.  This is due to the fact that the water will need 
to first infiltrate through the loamy sand bioretention soil media before reaching the faster soils underlying 
the system.   

 
 Drawdown Time:  Utilizing the "Rawls" infiltration rate of 2.41 inches/hour, the drawdown time in the 100-

year storm is 9 inches ÷ 2.41 inches/hour = 4 hours thereby meeting the DEP drawdown requirement of <72 
hours. 

 
 
8.0 WATER QUALITY 
 
The proposed development includes 0.63± acres of pavement.  A small section of pavement from Sudbury 
(0.02± acres) also contributes to the Concord stormwater management system and has been included in the 
modeling and treatment train.  Runoff from the majority of the pavement is proposed to be infiltrated in the SIS 
after having undergone pretreatment via deep-sump hooded catch basins and proprietary water quality units 
(Treatment Train #1).  Small sections of some of the home driveways are proposed to be infiltrated in the 
bioretention area after having undergone pretreatment via vegetated filter strips (Treatment Train #2). 
 

 Deep Sump Hooded Catch Basins 
Stormwater runoff from proposed most of the paved areas will be directed via curbing and site grading 
to catch basins with deep sumps and hooded outlets.  The catch basins are intended trap and remove 
sediment and larger particles from the stormwater and improve the performance of subsequent BMPs.  
The sumps will be a minimum of 4’ in depth and a regular inspection and cleaning schedule has been 
proposed to ensure optimal effectiveness.   
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 Proprietary Water Quality Units 

The proposed proprietary water quality units (WQUs) are designed to remove heavy particles, floating 
debris and hydrocarbons from stormwater.  Stormwater enters the system where floatables and oils are 
separated prior to the clarified stormwater runoff discharging to an outlet pipe.   

 
 Subsurface Infiltration System 

Stormwater from most of the paved areas and other developed areas will be discharged to the proposed 
subsurface infiltration system for further treatment and infiltration.   
 

 Bioretention 
Stormwater from some of the paved areas and other developed areas will be discharged to the proposed 
bioretention system for further treatment and infiltration.   

 
TABLE 4: TSS REMOVAL CALCULATION WORKSHEET 

 
TREATMENT TRAIN #1 

 
BMP 
(A) 

TSS Removal 
Rate 
(B) 

Starting TSS 
Load 
(C) 

Amount 
Removed (BxC) 

(D) 

Remaining Load 
(C-D) 

(E) 
Deep 

Sump/Hooded 
Catch Basins 

0.25 1.0 0.25 0.75 

Infiltration 0.80(1) 0.75 0.60 0.15 
Total TSS Removal = Summation of (D) = 85% 

   
TREATMENT TRAIN #2 

 
BMP 
(A) 

TSS Removal 
Rate 
(B) 

Starting TSS 
Load 
(C) 

Amount 
Removed (BxC) 

(D) 

Remaining Load 
(C-D) 

(E) 
Vegetated Filter 

Strip 
0.45 1.0 0.45 0.55 

Bioretention 0.90(2) 0.55 0.50 0.05 
Total TSS Removal = Summation of (D) = 95% 

 
(1) The Massachusetts Stormwater Handbook, Volume 1 Chapter 1 assigns a TSS removal rate of 80% for infiltration basins 

provided there is adequate pretreatment.  In this case, the pretreatment will include deep-sump hooded catch basins and 
proprietary water quality units. 

(2) The Massachusetts Stormwater Handbook, Volume 1 Chapter 1 assigns a TSS removal rate of 90% for bioretention 
provided there is adequate pretreatment.  In this case, the pretreatment will include vegetated filter strips. 

 
 
9.0 GROUNDWATER RECHARGE 
 
The DEP Stormwater Management Policy addresses the importance of recharging groundwater and reducing 
surface runoff.  For a new development project, the site's impervious area must be used to calculate the required 
infiltration in order to approximate the annual recharge from pre-development conditions.  For this project, the 
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total proposed on-site impervious area is 0.99± acres (note that the HydroCad model includes a total of 1.01 
acres of impervious as it also accounts for a small section of pavement from Sudbury [0.02± acres] that flows 
onto the Concord site).  The required recharge equals a depth of runoff corresponding to the underlying soil 
type multiplied by the in impervious area for each soil type in the post development condition.  The following 
values were used for this project: 
   
 

TABLE 5: IMPERVIOUS AREA BY SOIL GROUP 
HSG RUNOFF 

DEPTH TO 
INFILTRATE 

(in) 

EXISTING 
IMPERVIOUS 

AREA 
(ac) 

PROPOSED 
IMPERVIOUS 

AREA 
(ac) 

NET CHANGE 
IMPERVIOUS 

AREA 
(ac) 

A 0.60 0.00 0.99 0.99 
B 0.35 0.00 0.00 0.00 
C 0.25 0.00 0.00 0.00 
D 0.10 0.00 0.00 0.00 

 
Recharge Volume (Rv) = (required runoff depth) x (newly created impervious area) 

 
= [0.60 inch x 0.99 acres x (43,560 ft2/acre) x (1 ft/12 inch)]  

+ [0.35 inch x 0 acres x (43,560 ft2/acre) x (1 ft/12 inch)] 
+ [0.25 inch x 0 acres x (43,560 ft2/acre) x (1 ft/12 inch)] 
+ [0.10 inch x 0 acres x (43,560 ft2/acre) x (1 ft/12 inch)]  

=  2,156 cubic feet 
 

The collective static recharge volume provided in the SIS and bioretention area is approximately 19,000± cubic 
feet far exceeding DEP's recharge requirement. 

 
 
10.0 DRAINAGE CONVEYANCE SYSTEM 
 
The proposed stormwater conveyance system was designed to collect and convey runoff from developed areas 
to the associated stormwater management system BMP’s described in this report.  The drainage system consists 
of deep-sump hooded catch basins, manholes, water quality units, and pipes.  Using the rational method to 
determine peak runoff flows, the proposed conveyance system is designed for the 100-year storm event.  
Hydraflow Storm Sewers output for the 100-year storm event is included in Section 4. 
 
 
11.0 CONSTRUCTION PERIOD EROSION & SEDIMENTATION CONTROL 
 
The project is subject to the National Pollutant Discharge Elimination System (NPDES) program of the United 
States Environmental Protection Agency, which will require construction operations to comply with the NPDES 
General Permit For Stormwater Discharges From Construction Activities and will require the implementation of 
a site-specific a Stormwater Pollution Prevention Plan (SWPPP) addressing erosion and sedimentation control 
practices to be used throughout the construction period.  Proposed erosion and sedimentation control measures 
will include compost filter socks or hay bales, silt fence, crushed stone, riprap, hydroseeding, mulching, erosion 
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control matting, diversion berms, and sedimentation basin(s).  Compost filter sock or hay bales and siltation 
fence will be used for the perimeter erosion control barrier and elsewhere as conditions warrant.  Sedimentation 
basin(s) will be used within the site to treat runoff and diversion berms will be utilized as needed to divert 
untreated stormwater to the sedimentation basins.  Sedimentation basins and diversion berms will be added, 
removed, and adjusted as the site evolves throughout the construction process.  Hydroseeding or sod will be 
also be used as a stabilization measure for areas disturbed as part of this project.  Mulching may be used to 
reinforce seeded areas where some protection is warranted.  Mulching may also be used to stabilize areas where 
construction activities will temporarily cease for more than 14 days.  Silt sacks will be used to protect catch 
basins prior to binder and elsewhere as conditions warrant.  The contractor will be required to keep a reasonable 
stock of erosion controls on site to be able to supplement or make repairs as necessary. 
 
 
12.0 COMPLIANCE WITH THE MASSACHUSETTS DEP STORMWATER HANDBOOK 
 
This study presents a comparative analysis of the pre-development and post-development hydrologic 
characteristics of the site, and outlines the proposed measures to mitigate flow, provide groundwater recharge, 
and improve water quality from the site.  The best management practices (BMPs) outlined in this report include 
measures to meet the municipal and the Massachusetts Department of Environmental Protection (DEP) 
requirements.  Below is a summary of how the design complies with each applicable DEP standard. 

 
Standard 1:  No new stormwater conveyances may discharge untreated directly to or cause erosion in 
wetlands or waters of the Commonwealth. 
 
The proposed stormwater conveyance system does not include new untreated discharges.  
 
Standard 2:  Stormwater management systems shall be designed so that post-development peak discharge 
rates do not exceed pre-development peak discharge rates.  
  
As indicated above and within the supporting HydroCad calculations, the stormwater management system is 
designed so that post-development peak discharge rates do not exceed pre-development peak discharge rates.  
  
Standard 3:  Loss of annual recharge to groundwater shall be eliminated or minimized through the use of 
infiltration measures including environmentally sensitive site design, low impact development techniques, 
stormwater best management practices, and good operation and maintenance.  At a minimum, the annual 
recharge from the post-development site shall approximate the annual recharge from pre-development 
conditions based on soil type.  This standard is met when the stormwater management system is designed to 
infiltrate the required recharge volume as determine in accordance with the Massachusetts Stormwater 
Handbook. 
 
As indicated above and within the supporting HydroCad calculations, the recharge volume provided for this 
project exceeds the requirements of this standard. 
 
Standard 4:  Stormwater management systems shall be designed to remove 80% of the average annual post-
construction load of Total Suspended Solids (TSS).   
 
Runoff from proposed impervious surface area is treated to at least an 80% TSS removal rate as described in 
this report. 
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Standard 5:  For land uses with higher potential pollutant loads, source control and pollution prevention 
shall be implemented in accordance with the Massachusetts Stormwater Handbook to eliminate or reduce 
the discharge of stormwater runoff from such land uses to the maximum extent practicable. 
 
Not applicable. 
 
Standard 6:  Stormwater discharges within the Zone II or Interim Wellhead Protection Area of a public 
water supply, and stormwater discharges near or to any other critical area, require the use of the specific 
source control and pollution prevention measures and the specific structural stormwater best management 
practices determined by the Department to be suitable for managing discharges to such areas, as provided in 
the Massachusetts Stormwater Handbook. 
 
This project is in a Zone II and as such has been designed to achieve at least 44% TSS pretreatment prior to 
infiltration and has been designed utilizing the 1” water quality volume. 
 
Standard 7:  A redevelopment project is required to meet the following Stormwater Management Standards 
only to the maximum extent practicable: Standard 2, Standard 3, and the pretreatment and structural best 
management practice requirements of Standards 4, 5, and 6. Existing stormwater discharges shall comply 
with Standard 1 only to the maximum extent practicable.  A redevelopment project shall also comply with all 
other requirements of the Stormwater Management Standards and improve existing conditions. 
 
Not applicable.  
 
Standard 8:  A plan to control construction-related impacts including erosion, sedimentation and other 
pollutant sources during construction and land disturbance activities (construction period erosion, 
sedimentations, and pollution prevention plan) shall be developed and implemented. 
 
The project design plans include erosion and sedimentation measures to control construction related impacts 
including erosion, sedimentation and other pollutant sources during construction and land disturbance activities.  
The project requires coverage under the National Pollutant Discharge Elimination System (NPDES) 
Construction General Permit.  This will require the preparation of a Stormwater Pollution Prevention Plan 
(SWPPP), which will also include provisions for controlling erosion, sedimentation and other pollutant sources 
during construction and land disturbance activities. 
 
Standard 9:  A long-term operation and maintenance plan shall be developed and implemented to ensure 
that stormwater management systems function as designed. 
 
A post-construction Operation and Maintenance Plan (O&M) is attached. 
 
Standard 10:  All illicit discharges to the stormwater management system are prohibited. 
 
The proposed stormwater management system does not include any illicit discharges. An illicit discharge 
statement is attached. 
 
  



Rookery Lane 
Concord, MA 

 

  
                                      p: 978-794-5400   f : 978.965.3971   www.cdgengineering.com 

10 of 10 

 
13.0 SUMMARY 
 
The stormwater management system for the proposed development includes measures for collecting, conveying, 
treating and controlling stormwater runoff from the site.  Stormwater controls have been designed such that the 
post-development peak discharge rates do not exceed pre-development peak discharge rates for the 2-year, 10-
year, 25-year, and 100-year, 24-hour Type III storm events.  BMPs have been designed to treat the required 
water quality volume to 80% TSS removal and to exceed the infiltration volume required by DEP.  The piped 
collection system has been designed to convey runoff for the 100-year storm event Rational Method storm 
event.  Comprehensive computations and calculations with supporting figures and plans are attached. 
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